Objective: To investigate the prevalence of recurrent falls in patients who are being followed up in Movement Disorder Outpatient Clinic, demographic and clinical characteristics of patients with recurrent falls, and relative accuracy of balance assessment for prediction of falls prospectively within 1 year.
Parkinson's disease (PD) is a chronic, progressive neurodegenerative disease characterized by tremor, bradykinesia, rigidity, postural instability, and gait disorders. Posture and gait disorders, mainly postural instability, motor symptoms like freezing of gait are the main causes of recurrent falls in patients with PD (1) . While prevalence of falls at least once varies between 35% and 90%, the prevalence of recurrent falls during the same time period is between 18% and 68% (2) . Falls are among the main causes of disability and negatively affect both psychological and physical condition of the patients. Falls-related fractures and fracture-related complications are the main physical problems (3) . Fear of falling poor quality of life and the patient's not going out unless required or in other words, reduced socializing are among the psychological problems (4, 5) . Both physical and psychological problems are related with significant economic costs (6) . Timely detection of the patients susceptible to falls would enable early detection of the problems and application of the required interventions.
While fall prevalence is high among patients with PD, revealing accurate and useful methods for prediction of the patients susceptible to falls has great importance for the clinicians. Although history of two or more falls within the recent one year is the best predictor of falls in PD it loses its importance in the patients who did not have the history of falls (7) .
While risk factors for falls include advanced age, cognitive disorders, hearing and visual disorders, osteoarthritis of the knee, medications (sedatives, hypnotics, neuroleptics, anti-psychotics and antidepressants, non-steroidal antiinflammatory drugs, antihypertensives), presence of any daily life difficulties, living conditions in general population, disease-specific symptoms are added to them in PD (8) (9) (10) (11) . Patients with PD who are at risk of falling may have problems with various areas of movement control, such as sensory integration, functioning with a narrow base of support, controlling their centerof-mass movement within their base of support, and coordination of anticipatory postural control tasks (4, 12) as well as comorbid conditions (eg, peripheral neuropathy) and medication side effects (eg, postural hypotension and dyskinesia) (13) . Hence, standardized balance assessment tools have importance for detection of the patients susceptible to falls in order to achieve assessment goals. Benefits of different balance tests have been investigated in PD. The Tinetti Balance Scale, Berge Balance Scale, BESTest, Mini-BESTest, Dynamic Gait Index and Functional Gait Assessment require much time and thereby are not included in routine assessment tests in an outpatient setting (14) .
It is required to reveal the effectiveness of easily applicable tests which can evaluate fall risk shortly in an outpatient setting. The main purpose of this study was to investigate the prevalence of recurrent falls in patients with PD who are being followed up in the Movement Disorder Outpatient Clinic, to reveal the demographic and clinical characteristics of patients with recurrent falls, and to assess the relative accuracy of balance assessment for prediction of falls prospectively within a year. We used the overall scores of the second and the third sections in the present study. Postural instability and gait disorders scores (overall score of items 27, 28, 29, 30) obtained from the third section of UPDRS were also calculated.
Material and Method Participants
Minimum 30 minutes walking and exercise in 3 days of the week was defined as "regular" walking and exercise (17) .
Assessment of balance
Balance assessment was done by an educated physiatrist one hour after taking medication in "on" period.
Previously the Berg Balance Scale, Functional Reach Test, Five Times SitTo-Stand Test and Timed Up and Go Test have been shown to be effective in PD for balance assessment (14) . The latter three tests were applied three times and mean values were recorded in the current study.
The Berg Balance Scale is designed for assessment of balance and fall risk in the elderly. It is composed of 14 items toward direct observation of the individual's performance. Each item is scored between 0 (inability to perform the activity) and 4 (performing the activity independently) according to the performance for meeting the time and distance conditions of the test. Overall score varies between 0-56. Higher scores indicate better balance. The test is completed within 15-20 minutes.
The Functional Reach Test is used for assessment of antero-posterior stability. A patient is asked to take the dominant arm to 90 degrees flexion and keep it at shoulder level while standing with a constant support insole. Thereafter the patient is asked to reach forward as possible the arms so as to be parallel to floor. The distance between two positions is measured as cm through a measure placed on the wall.
The Timed Up and Go Test evaluates mobility, balance and walking skills. A standard chair which enables the patient's knees to stay at 90 degrees flexion and put his/her back on is used. The patient is asked to stand and walk 3 meters with standard steps, return back to the chair and sit. The time between standing and sitting is measured with a chronometer as seconds.
Five Times Sit-To-Stand Test is a measure of functional lower extremity power. A standard chair which enables the patient's knees to stay at 90 degrees flexion and put his/her back on is used.
The patient is asked to rapidly stand and sit the arms so as to be cross at the shoulders. The time between standing and put the back on is measured with a chronometer as seconds.
Assessment of falls
All patients and/or their relatives were asked to diarize falls during one year prospectively after clinical assessment of PD patients had been completed. Fall was defined as "an unexpected event which develops on a flat or mildly irregular surface as the result of carelessness without being due to an internal or external event" (18) . Presence of falls and number of falls if present were recorded in three months follow ups. Two or more falls during one year was defined as "recurrent falls" (19) . Table 1 .
Statistical Methods

Comparison of the patients with or without recurrent falls
When the patients with or without recurrent falls were compared, the ones with recurrent falls were detected to be older, have lower body mass index, diabetes mellitus and atherosclerotic heart disease prevalence were higher in these patients. These patients had poorer MMSE scores, lower ratio of regular walking and exercise. They also had longer duration of disease, using higher doses of levodopa and levodopa-equivalent doses, more severe disease according to H&Y staging and UPDRS. Although fluctuation was more frequent among the patients with recurrent falls, no difference was detected between the groups with regard to dyskinesia.
The patients with recurrent falls obtained poorer scores in the Functional Reach Test, Timed Up and Go Test and Five Times Sit-To-Stand Test and lower scores in the Berg Balance Scale (Table 1) . With regard to the demographic and disease characteristics, sensitivity and specificity were 86% and 52% for age (AUC 0.73, cut-off point>65 year), 69% and 72% for disease duration (AUC 0.68, cut-off point >48 month), 54% and 81% for levodopa dose (AUC 0.71, cut-off point >450 mg), 58% and 80% for levodopa equivalent dose (AUC 0.73, cut-off point>661 mg), 83% and 76% for H&Y staging (AUC 0.84, cut-off point>2), 57% and 88% for UPDRS part 2 (AUC 0.78, cut-off point >13), 80% and 63% for UPDRS part 3 (AUC 0.77, cut-off point >15) and finally 80% and 73% for overall score of postural instability and gait disorders score (AUC 0.81, cut-off point>2).
Receiver Operating Characteric Analyses
Discussion
Different study designs are available in literature about fall and/or recurrent fall risk in PD. Duration of follow up varies between 3 months and 1 year. Another difference is retrospective or prospective design of the studies (2).
The present study aimed at investigating fall prevalence in PD patients and to reveal the differences in demographic and disease characteristics of the patients with recurrent falls and how can recurrent falls be predicted. We found a prevalence of at least once fall as 46.1% and at least two falls (recurrent falls) as 34.3% in PD patients followed up for a year. Although dyskinesia could be related to falls by leading to postural problems or increased postural swinging when trunk and feet are influenced (26, 28, 30, 31, 32) , no difference was detected between the patients with or without recurrent falls with regard to dyskinesia prevalence in this study. On the contrary to this condition which may be related to sample characteristics, motor fluctuation a complication of PD was shown to be more frequent, consistent with the previous studies. Motor fluctuations have been reported to lead to reduced motor performance through causing dysfunction and walking difficulty and thereby may be associated with postural instability and fall risk in patients with PD (18, 31, 32) .
There were several limitations of the present study. Because our study did not include a healthy control group, the prevalence of recurrent falls and fall characteristics were not compared in the two groups. Second, regular walking and exercise were roughly estimated in this study. The Physical Activity Scale could be used to assess physical activities of PD patients. And lastly, our study was a single-centered, so study results cannot be generalized to the Turkish PD population.
Conclusion
A history of recurrent falls has been found in approximately one-third of PD patients. Advanced disease has a negative effect on falls. While the Functional Reach Test is the most proper test for prediction of fall risk, the Berg Balance Scale, Standto-Walk and 5 times Sit-to-Stand test have also been shown to be useful. Prediction of fall risk by clinicians could improve quality of life of PD patients by preventing fall-related complications.
